Background: China is facing challenges of the shifting presentation of tuberculosis (TB) from younger to elderly due to an ageing population, longer life expectancy and reactivation disease. However, the burden of elderly TB and influence factors are not yet clear. To fill the gap, we generated a cohort study to measure the magnitude of TB incidence and associated factors among the elderly population aged 65 years and above in China.
Background
Increasing age raises the risk of Tuberculosis (TB). With the increasing longevity and declining fertility rates, the global pace of population ageing is getting faster in the new century [1] , and TB in the older adults is becoming clinically important in many countries [2] . It is reported by the World Health Organization (WHO) that TB notification rates in older people (aged 65 years old and above) was higher than other 10-years interval groups in 2016 [3] , and many countries witness that the proportion of older TB patients remains high and has even increased in some areas [4] , with an increase disproportionately greater than the rise in the number of older persons.
China, a country with the second large TB burden in the world, is challenged by the shifting of TB from younger to elderly due to the ageing population, longer life expectancy and reactivation disease [5] [6] [7] . WHO estimated that the percentage of people aged 60 years or over in China is expected to increase from 12.4% (168 million people) in 2010 to 28.0% (402 million) in 2040 [6] . In China, the fifth national TB prevalence survey conducted in 2010 showed the TB prevalence increased with age and peaked in the 75-79 age group, hitting 866/100 000 [5, 8] . According to estimation by Huynh et al. [9] , China is unlikely to achieve the incidence target if the National Tuberculosis Program NTP failed to reduce TB incidence among elderlies. Significant impacts of elderly TB control on TB programs had already been observed in Japan, and also in China [10] . If China aims to achieve the milestone of End TB Strategy, the country has to strategically prioritize TB control among the elderlies. There are several approaches recommended to address elderly TB control in China and the choice should be based on TB burden among the elderlies [11] . TB epidemic in this high risk population should be understood and is very helpful for policy making.
Although there are already TB surveillance systems in China, including Infectious Disease Reporting System (IDRS) and TB Information Management System (TBIMS), the real TB incidence rate can not be obtained directly from them. IDRS, an extensive web-based and real-time surveillance system, enables all health facilities across the country to report information on the 37 notifiable diseases (including TB) within 24 h [8] . And, the users of IDRS comprise all TB health facilities, including TB dispensaries and designated hospitals, at province, prefecture and county level [12] . However, TBIMS do not cover non-designated TB facilities, and all information covered by this system are about diagnosed TB patients [13] . A special module in TBIMS acts as an interface between TBIMS and IDRS, and information for one case can be simultaneously updated in these two systems. However, under-reporting of diagnosed TB has also existed in China [14] . A recent retrospective inventory studies conducted in nine counties, by reviewing medical records at the participating health facilities and county-level social insurance system databases, reported that nearly 20% of TB patients were not reported to TBIMS, being higher percentage for children with TB, TB pleurisy, patients diagnosed in the eastern and central regions and patients with a TB diagnosis recorded in either health facilities or social insurance system [14, 15] .
Reported TB incidence rate for each age group could be obtained from IDRS, and the reported TB incidence for elderly was two to three times of that for younger adults, being similar difference on TB prevalence rates between these two groups, obtained from the Fifth National Tuberculosis Prevalence Survey [8] . However, this reported incidence underestimated the real status for elderly, because of both the missed cases by surveillance system itself and undiagnosed TB cases resulted from a high percent of asymptomatic TB patients [16] . We established an elderly incidence cohort without TB by conducting a prevalence survey in selected sites in 2013, and utilized both active and passive case findings to capture all incident TB patients during two-year follow-up period, aiming to obtain the real TB incidence rate and identify risk factors for developing TB among elderly.
Methods

Cohort establishment from TB prevalence survey in 2013
We conducted a prevalence survey in selected sites from July to September in 2013, to establish an elderly cohort without TB. The study sites selection and diagnostic algorithm in that prevalence survey has been described fully elsewhere [17] . In brief, the study adopted a three-stage cluster and random sampling for selecting study sites (Fig. 1) , and finally 10 townships and 17 communities located in 10 counties covering 38 888 elderly were selected. For each elderly, door-to-door interview for data collection, physical examination for calculating body mass index (BMI), and chest X-ray (CXR) examination were provided for them. Those elderlies who had suspected TB symptom or abnormal chest radiography were required to provide three sputum specimens (one "at spot", one in early morning and one at night) for laboratory diagnosis. Finally, 4619 refused to participate this prevalence survey, leaving 34 269 elderlies finishing all required procedure, and 193 active TB cases were identified.
The information obtained from door-to-door interview, including demographic, most of disease history, lifestyle and suspected TB symptoms, were totally self-reported by participants, except for history of diabetes and treated TB previously. For diabetes information, we also checked their personal health document covered by the National Basic Public Health Service Project and updated by year. Participants self-reporting diabetes history or with a medical record for diabetes diagnosis were classified as known diabetes patients. For retreated TB patients, we checked TBIMS to identify whether participants were diagnosed with TB and finished treatment or cured, and either selfreporting or recorded as a treated TB patient previously was classified as retreated TB cases.
Sample size and study population
The sample size was calculated for a population cohort study. TB incidence rates for general population with TB history and without TB history were 2706.3 per 100 000 person-year (PY) and 39.6 per 100 000 PY, respectively, obtained from another cohort study in China [18] . Assuming TB incidence rate among elderly being two times of that for general population, we used 5412.6/100 000 person-year and 79.2/100 000 person-year as the estimated TB incidence for elderly with TB history (P 1 ) and that for elderly without TB history (P 2 ). The study was set at a power of 0.8 (one-side) and two-tailed significance of 0.05. Based on the formula, a total of 146 elderly with TB history should be recruited. Assuming the percentage of persons with TB history in elderly was 20% higher than that in general population (0.42% obtained from cohort study in China [18] ), the number of elderly needed to registered into cohort should be 28 765. Considering a 15% non-response rate and lost to follow up, we increased the sample size to 33 080. In the 27 study sites, people who were born before September 31, 1948 (aged 65 years and older at the time of implementing baseline prevalence survey), continuously lived in the village or community for six-month and longer were eligible for our prospective study. Excluding 193 active TB identified in baseline prevalence survey, 34 076 elderlies without TB were enrolled into our incidence study.
Field procedure
Our study population enrolled at baseline was set as a fixed cohort during this prospective study period, that is, only elderly enrolled into our incidence study at baseline will be followed up, and, those uncovered at baseline and met inclusion criteria during the two-year follow-up period were excluded from our analysis. The informed consent was obtained from all participants before the door-to-door interview at baseline survey. For elderlies with difficulties in communication, his/ her family members were interviewed as the respondent. During the two-year follow-up period, for those who were diagnosed as active TB cases, the information of TB occurrence and date were immediately recorded, and further identified in TBIMS. And, every year for the follow-up period, we conducted a door-to-door investigation to identify the follow-up status for each participant, and promote them to participate required chest radiography examination. Meanwhile, the information of other outcomes, including death, transfer out or move, and the date of outcome occurrence were asked and recorded accurately. From October 2013 to September 2015, we conducted both active and passive case finding annually to detect and diagnose incident TB patients among this study cohort. For active case finding, the same procedure and diagnostic algorithm as baseline prevalence survey were used, that is, TB symptom screening and chest radiography examination were provided for each sampled elderly, and sputum smear microscopy and culture were performed for those with TB symptoms or abnormal chest radiography. For passive case finding, we asked detailed TB symptoms information among elderlies who actively visited township hospitals and village clinics during the study period. CXR and collection of sputum specimen were administered to those with TB suspected symptoms. If there were any TB cases reported during the study period, we collected their diagnosis and date. For those being diagnosed as TB cases by active case finding or passive case finding, treatment was arranged by local hospitals.
Study outcome and definition
We measured the study outcomes as incident active TB, death, transfer and moving out from study sites, and refusal to receive yearly chest radiography during the follow-up period. We observed and recorded whichever came first as an endpoint in the study according to the door-to-door interview, passive case finding and yearly screening.
Active TB included bacteriologically positive TB and clinical diagnosed TB. A bacteriologically positive TB patient was defined as an individual with at least one sputum smear or culture positive. Smear positive was that the sputum specimen had at least one acid-fast bacillus identified within 100 fields under microscopy. Culture positive was that the specimen had at least one colony of Mycobacterium tuberculosis complex being isolated by using Löwenstein-Jensen medium [19] . The clinical diagnosed TB was defined by the presence of three negative smears and CXR abnormalities consistent with active pulmonary TB, and meeting at least one of the following criteria: clinical TB symptoms, or strong positive purified protein derivative reaction, or TB lesions confirmed by histopathological examination of extrapulmonary tissue, or excluding other pulmonary disease by diagnostic treatment or follow-up observations [19] . The elderly who moved out and did not come back during the study period was recorded as transferred or moved out. Refusal was defined as an elderly who refused to provide information, or to finish all requested TB check procedure. Moved or transferred out and refusal were categorized as lost-to-follow-up in analysis of this study.
Quality control
Strict quality control was performed across the whole study process. The questionnaire interview was carried out among all eligible elderly face to face by trained staff at county level. Questionnaires collected were checked by data management specialist for completeness and logicality. After completing data entry, 2% of questionnaires were randomly selected for consistency check by the national expert group. If discrepancies identified, information was revised on the second day by asking the responsible interviewer. If the interviewer could not work out the discrepancy, enquires were made to local staff to check with the respondent. All chest radiography films and sputum specimens collected were transported to TB designated hospital at county level for diagnosis confirmation and strain identification. All chest radiography films for TB cases were reviewed by a national expert group within two months after yearly follow-up completion. The smear positive TB was assessed and classified strictly by trained laboratory technicians at county level according to the national standardized methods and procedure. The quality of culture conducted in county laboratory was supervised and monitored by prefectural or provincial TB laboratory. All the sputum smear and culture results were checked by the staff from the National Tuberculosis Reference Laboratory for quality control. In addition to the rigorous internal quality control for data collection, this study also had an independent site auditing team from WESTAT (Rockville, MD, USA). The field inspectors from WESTAT went to study sites regularly to check if the procedure performed followed the research legislation in terms of consent, progress, storage and maintenance of records by working with the research team in the field to ensure study procedure being in line with the study design and guarantee the data quality in terms of completion and authenticity.
Data management and statistical analysis
We developed a web-based dataset for data entry and management. All data collected from baseline and followup surveys were double entered. Data clean and consistency check were performed by the national study team. Statistical inference followed standard procedure for data analysis. Pearson's χ 2 test or Fisher's exact test was used to test for differences in proportions. Two-sided Pvalues of < 0.05 were considered significant. The TB incidence rates for bacteriologically positive and active TB were calculated and expressed as cases per 100 000 PY. The follow-up period, from the date of enrolment to the occurrence of incident TB, death, transfer or moving out, completion of follow-up or the end of the study, was computed as the time passed. PY for each participant in this cohort was calculated based on individual information, that is, the interval of finishing baseline survey date and the exact date of outcome occurrence was calculated one by one and considered as his/her PY.
Univariate cox proportional regression model was performed with time dependent covariate in relation to TB incidence using a forward inclusion approach. Demographic character, yearly household income per head, history of diseases, smoking and drinking status, and BMI at baseline were regarded as influence factor and included into our analysis. We classified those with less than RMB 2300 income per year as low-income group according to the national poor standard (2011), and for those with more income, we divided them into two groups by cutoff point being RMB 10 000. According to disease history, participants was classified into yes or no or unknown groups. We categorized BMI as underweight (BMI < 18.5 kg/m 2 ), normal weight (≥ 18.5 kg/m 2 and < 24.0 kg/m 2 ), overweight and obese (≥ 24.0 kg/m 2 ) [20] . Variables significantly correlated in the univariate model and of epidemiological interest were included in the multivariate model. Hazard ratios (HR) and 95% confidence intervals (CI) were used to assess the risk of developing TB. Data analysis was performed using SPSS software (version 17.0, SPSS for Windows Release 17.0, SPSS Inc., Chicago, Illinois, USA).
Based on the results from multivariate analysis, we calculated the population attributable fraction (PAF) of each risk factor contributing to incident TB among elderlies. We used the adjusted HR and baseline prevalence of each associated factor among elderlies to estimate its contribution to bacteriologically positive and active TB, respectively.
Ethical Approval
The study protocol was approved by the Research Ethics Review Committee of Chinese Center for Disease Control and Prevention (Approval number: 201322). The signed informed consent was obtained from all participants before investigation.
Results
Elderlies followed up between 2013 and 2015 
Demographic characteristics of the follow-up cohort compared to the lost-follow-up cohort
The mean age of the study cohort was 73.0 (± 6.36 years old, ranged from 65 to 108 years old) and about two third were aged from 65 to 74 years. We compared the demographic characteristics of the elderly cohort followed up with those lost to follow-up during the study period, given the high proportion of elderlies deceased, refused to follow-up examination and moved or transferred out (Table 1 ). There were significant more elderlies aged 75 and above (40.3%, P < 0.001) lost to follow up. Of the lost to follow-up cohort, most elderly (86.7%) were Han nationality (P < 0.001). A higher proportion of lost to follow up presented in elderlies with higher education (6.1% vs 19.4%; P < 0.001). Elderlies without spouse had higher proportion of lost to follow-up (P < 0.01). A greater proportion of elderlies who were not local residents lost to follow up during the study period (17.8% versus 2.9%; P < 0.001). A substantial proportion (64.9%) of elderly people who reported higher annual average income lost to follow up (P < 0.001). About 10% of the cohort had a BMI less than 18.5, and a greater proportion with BMI ≥ 24 lost to follow up (P < 0.001).
Incidence rate of bacteriologically positive TB and associated risk factors among elderly
Over the follow-up period, the observed cumulative PY for the elderly cohort was 44 622.2. A total of 62 bacteriologically positive incident TB cases were identified and the incidence rate was 138.9 per 100 000 PY (95% CI: 104.4-173.5 per 100 000 PY). Among the 62 incident cases, 79.0% (49) were detected by active case finding, compared to 21.0% (13) by passive case finding (P < 0.001). The incidence rate for elderly with different characteristics and HRs were calculated and presented in Table 2 . Those elderlies, who were male, aged older than 75 years, Han nationality, illiteracy, married, living outside the study areas, annual average income per person in the family less than RMB 2300, previously treated with TB, suffering chronic bronchitis, ex −/current smoker and BMI less than 18.5 had a much higher TB incidence rates over the follow-up period. In the univariate model, elderlies who were male, ex or current smoker and BMI < 18.5 had higher risk in developing incident TB. BMI ≥ 24 presented as a protection factor for developing bacteriologically positive TB disease. All statistically significant variables in univariate analysis were included into multivariate analyses to calculate the adjusted HR. In the multivariate model, ex or current smoker (HR = 2.12, 95% CI 1.27-3.54; P < 0.01) and BMI < 18.5 (HR = 2.33, 95% CI: 1.32-4.12; P < 0.01) were the strong predictors in developing bacteriologically positive TB disease. For those elderlies with BMI ≥ 24.0, their risks in developing bacteriologically positive TB were substantially reduced by 66%.
Incidence rate of active TB and associated risk factors among elderly
During the study period, a total of 215 active TB cases were detected and the incidence rate was 481.8 per 100 000 PY (95% CI: 417.4-546.2 per 100 000 PY) (Table 3) . Among the 215 active cases, 83.7% (180) were detected by active case finding, compared to 16.3% (35) by passive case finding (P < 0.001). Those elderlies, who were male, aged 75 years and older, non-Han nationality, illiteracy, married, local residents, annual average household income per person less than RMB 2300, not diabetes, previously treated with TB, chronic bronchitis, pneumoconiosis, ex or current smoker, ex-drinker or current drinker and BMI < 18.5 had higher incidence rates.
In univariate analyses, male, age group at 75 years and older, non-Han nationality, annual average household income per person less than RMB 10 000 Yuan, previously treated with TB, self-reported smoker and drinker presented statistically significant risk of developing active TB among elderly. BMI ≥ 24 was a statistically significant protection factor for elderlies from developing active TB. In the multivariate model, male, non-Han nationality, previously treated TB and ex or current smoker were independently associated with the increased risk of developing active TB. And, BMI ≥ 24 decreased the risk of developing active TB by 47%.
Population attributable factors to TB incidence among elderlies followed up
We calculated the PAF of identified risk factors for TB using adjusted HR obtained from multivariate analyses ( Table 4 ). For bacteriologically positive TB, self-reported ex or current smoker had the biggest contribution (18.1%) followed by male (18.0%) and age at 75 years and above (15.4%). For active TB, non-Han nationality (35.4%) had the biggest contribution followed by male (26.8%) and age at 75 years and above (10.8%).
Discussion
The high TB incidence obtained from our prospective cohort study highlighted the importance of active case finding among elderly in China. The results indicated that male, non-Han nationality, previously treated with TB, ex/current smoker and BMI < 18.5 were risk factors for developing TB disease among elderly in China.
TB incidence is a key indicator to evaluate TB epidemic and the effectiveness of control strategy at country level as set in the END TB strategy by WHO [21] [22] [23] . Although cohort study, as a kind of prospective study, had advantages of identifying causality and yielding incidence, this direct measurement of TB incidence is prohibitively complicated both logistically and financially, therefore, indirect estimation of TB incidence is widely used [23] . For countries with reliable surveillance system, directly notification rate is used as incidence rate, including reporting the epidemiological status for elderly TB. In the literature we reviewed, TB incidence rate among elderlies was various in countries with high and low TB burden. For the United States and Germany, the reported average yearly rate of TB disease among aged 65 years and above was 10.9 per 100 000 [24] and 11.2 per 100 000 [25] , respectively. In South Africa, the reported incidence rate was 518-684 per 100 000 for male and 193-314 per 100 000 for female among people aged 65 years and older [26] . An eight-year follow-up study conducted among the elderlies in Taiwan Province reported similar incidence rate (175.5 per 100 000 person-year) [27] to our study. The TB incidence rate we reported was higher than the rate reported by using IDRS data (about 155/100000 for the elderlies) due to the implementing of yearly active casing finding.
Elderlies are generally at risk to develop TB due to compromised immune responses and reactivation of previous "latent TB" or new TB infection [25, 28, 29] . Our study identified that age, male [30] , smoking [31] , previously treated TB, BMI < 18.5 [32] and low annual household income as main risk factors for elderly TB, being very similar to other studies globally [30] [31] [32] . A cohort study conducted in Taiwan Province reported that age older than 70 years, male, living in rural areas, diabetes, congestive heart failure, chronic obstructive pulmonary disease, chronic kidney disease and cancer were independent risk factors for incident TB among elderlies. This also highlighted the impact of TB comorbidity among elderlies [33] [34] [35] . However, we did not identify diabetes as a risk factor for developing TB disease among our study population, as reported by studies conducted in Mexico [36] and Korea [37] , and also in Taiwan Province of China [27] . There were several reasons underlay it. Firstly, the percentage of diabetes reported among our elderly cohort was 7.0%, which was much lower than reported prevalence, that is, diabetes prevalence being 20.2% in Chinese people aged 60 years and above, and only 36.5% of diabetes patients being aware of their diagnosis [38] , resulting in underreporting of diabetes. Secondly, in our study, diabetes status was mainly self-reported by participants at baseline, we did not perform clinical measurement. Moreover, about half of known diabetes patients lost to follow up during follow-up period.
To our knowledge, this is the first study that investigated the contribution of risk factors to incident TB among elderlies in China. We obtained PAF of each risk factor identified in our study to incident TB among elderly. A study conducted in 22 high TB burden countries mostly in Africa and Asia reported that the top three contribution risk factors were malnutrition (27.0%), smoking (21.0%) and HIV infection (16.0%) [39] . In our study, the biggest contributor for elderly developing bacteriologically positive TB was ex−/current smoker followed by low BMI. For developing active TB, the biggest contributors were non-Han nationality, male sex and smoking. This finding provide the basic data for evaluating the impact of different intervention strategy, and has an important public health implication. It will be very useful for policy maker, especially in resource limited regions.
We observed a high proportion of lost-to-follow-up over the two-year study period, inevitably producing effect on results. In our study, the main reason of high lost-to-follow-up was that participants were healthy elderlies without TB, resulting in a high proportion (about 30%) of them refused the follow-up check. High proportion of lost-to-follow-up was also reported by other cohort studies, even if participants were TB patients. A community-based cohort study conducted among people aged older than 14 years in Southern Ethiopia reported about 1.0% lost-to-follow-up during the first half year over the follow-up period [34] , and 6.9% of TB patients lost to follow-up during 2 years was reported by a study conducted in Colombian prisons [40] . In older TB patients, the proportion of death and lost-to-follow-up hit 12.3% and transfer-out was 3.9%, indicated by a study conducted in India [41] . Another reason was that about 8.1% of participants was internal migrants who moved around after living in a place for some time, and 77% of them lost to follow up. In addition, another 5% of our study population was transferred out during the followup period.
As a well-designed study with a large number of participants in China, our study has the following strengths. Firstly, it was designed as a prospective cohort study that captured incident TB cases among our cohort and obtained the true TB incidence by performing regular CXR in the follow-up period. Secondly, our study was a random sampled population-based study. It avoided the selection bias existing such as in hospitalbased studies, which possibly resulted in a high yield of incident cases as people with risk factors for TB are likely visiting hospitals. For example, in two pilot studies conducted in China to screen TB among diabetes patients, the clinic based study yielded higher TB notification than the community one [42, 43] . Finally, our study had a very strict quality control including internal quality control measurements and external supervision for study procedure and data collection to ensure the study quality.
Our study has several limitations. First, a high proportion of lost-to-follow-up presented among the elderlies with TB risk factors. This might result in an underestimation of TB incidence among elderlies. Second, due to the restriction of funding and resources, we could only conduct a two-year follow-up. However, TB is a chronic infectious disease and the onset of disease took time and only happened once immunity weakened. Two-year follow up was therefore not long enough to capture all TB incidences. We recommend longer follow up among the elderlies in future studies.
Although with some limitations, in the context of ending TB, our population-based prospective cohort study reported a very important area in TB control in a country with high TB burden. By investigating the TB incidence among elderly in China, we provided scientific evidence for the urgent need in conducting active case finding among elderly, a group of TB patients who often do not present TB symptoms. The PAF for TB identified the key population to implement intervention strategies in order to rapidly decrease the TB incidence rate. Based on our study, we could further observe the long term impact of active case finding on local TB epidemic among elderlies and further provide the optimal screening strategy, to reach the first milestone and the targets set in the End TB Strategy.
Conclusions
From our finding, we conclude that the elderly population in China had a high TB incidence rate and risk to develop TB disease. Given the nature of elderly TB, active case finding should be applied among elderlies to detect more TB cases. Our findings from China, a country with high TB burden also could be referred by other countries with aging population and high TB burdens in order to achieve the targets set in the End TB Strategy. 
